Abstract Following Papadakis (2005)'s numerical exploration of the Chermnykh's problem, we here study a Chermnykh-like problem motivated by the astrophysical applications. We find that both the equilibrium points and solution curves become quite different from the ones of the classical planar restricted three-body problem. In addition to the usual Lagrangian points, there are new equilibrium points in our system. We also calculate the Lyapunov Exponents for some example orbits. We conclude that it seems there are more chaotic orbits for the system when there is a belt to interact with.
Introduction
Chermnykh's problem concerns the motion of a test particle in the orbital plane of a dumb-bell. This dumb-bell rotates with constant angular velocity n around its mass center. The equations of motion of this test particle are (Chermnykh, 1987) : 
where the potential U * is
r 1 = (x + μ 2 ) 2 + y 2 , r 2 = (x − μ 1 ) 2 + y 2 and μ 1 + μ 2 = 1. Usually, the mass parameter μ ≡ μ 2 and the parameter n ∈ (0, ∞). This interesting problem was first analysed in Chermnykh (1987) on the Lyapunov stability of the triangular solutions. Gozdziewski and Maciejewski (1998) studied the Lyapunov stability of the Lagrangian points in the entire range of angular velocity n and mass parameter μ. Recently, Papadakis (2005) investigated the equilibrium points and the zero-velocity curves of this problem. In particular, some families of periodic orbits are studied in great detail. The stability zones are also discussed in that paper.
In general, this important problem has many applications in celestial mechanics (see Gozdziewski and Maciejewski, 1999) and chemistry (see Strand and Reinhardt, 1979) . When the angular velocity n = 1, it is the classical planar restricted three-body problem. When n = 0, we get the Euler's problem of two fixed gravitational centers.
On the other hand, because (i) there are many discovered extra-solar planetary systems (Laughlin and Adams, 1999; Rivera and Lissauer, 2000, Jiang and Ip, 2001; Ji et al., 2002) , in which about five of them are in binary stars and, (ii) the effect of belts might be important according to some of our previous studies (Yeh and Jiang, 2001; Jiang and Yeh, 2003, 2004) , we here construct a Chermnykh-like problem motivated by these astrophysical applications. In principle, we consider the angular velocity n > 1 and its value is determined by the belt's gravitational potential, which is considered as part of the total potential to govern the test particle's motion.
Therefore, we construct our basic model in Section 2. In Section 3, we study the existence of new equilibrium points. We discuss the behavior of the orbits with initial conditions near the new equilibrium points in Section 4 and calculate their values of Lyapunov Exponent in Section 5. Section 6 concludes the paper.
The model
We consider the motion of a test particle influenced by the gravitational force from the central binary and the circumbinary disc.
For convenience, we set the gravitational constant G = 1. We assume that two masses of the central binary are μ 1 and μ 2 and choose the unit of mass to make μ 1 + μ 2 = 1. The separation between two stars in the central binary is set to be unity. The time unit is therefore determined from the above choice.
Under the influence from the belt, when μ 1 = μ 2 = 0.5, both components of the central binary move on circular orbits at r = 0.5 with mean motion, i. 
where
F(ξ ) and E(ξ ) are elliptic integral of the first kind and the second kind and
